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Role of nitric oxide and thromboxane in the maintenance of
cerebrovascular tone. This study investigated the role of throm-
boxane A2 (TXA2) and neuronal nitric oxide (NO) synthase
(nNOS)-derived NO in the maintenance of resting cerebrovascu-
lar tone. Rat basilar artery (BA) segments were mounted in
myographs to study their isometric tension development. 7-Nitro
indazole monosodium salt (7-NINA), a specific inhibitor of
nNOS, had no significant effect on the resting tone, whereas the
general NOS blocker NG-nitro-L-arginine (L-NA) induced strong
contraction. The thromboxane (TP) receptor antagonist ICI
192605 induced weak vasodilation, and this effect was significantly
enhanced after precontraction of the vessels with uridine-59-
triphosphate (UTP). Incubation of BA segments with ICI 192605
attenuated the contractile effect of UTP. These data indicate that
nNOS is not involved in resting cerebrovascular NO production
and that basal TXA2 release induces a weak contractile tone in
the rat BA. Activation of P2U receptors by UTP appears to
stimulate TXA2 release in these vessels.
Basal release of nitric oxide (NO) is an important
regulator of the cerebral circulation and provides resting
relaxant tone in the cerebrovascular bed [1, 2]. Because the
neuronal isoform of the constitutive NO synthase (nNOS)
is present in both the cerebrovascular endothelium and the
cerebral perivascular nerves [3–5], we investigated its in-
volvement in maintenance of resting tone in the rat basilar
artery (BA) by comparing the effect of the specific nNOS
blocker 7-nitro indazole monosodium salt (7-NINA) with
that of the general NOS inhibitor NG-nitro-L-arginine
(L-NA) on isometric tension of isolated BA segments. The
presence of a thromboxane receptor (TP)-mediated con-
strictor tone was investigated also by application of the TP
receptor antagonist ICI 192605 under resting conditions
and after precontraction (PC) of the arteries with uridine-
59-triphosphate (UTP). Because ICI 192605-induced relax-
ation was enhanced significantly after UTP-PC, we tested
the possible involvement of thromboxane A2 (TXA2) in the
mediation of UTP contraction.
METHODS
Adult male Wistar rats were exsanguinated rapidly under
deep ether anesthesia and ring segments of BA prepared
for measurement of isometric force as described previously
[6]. Special care was taken to preserve the endothelium
during preparation. Segments were transferred into 5-ml
organ baths containing modified Krebs solution (in mM):
NaCl, 119; KCl, 4.6; NaH2PO4, 1.2; CaCl2, 1.5; MgCl2 1.2;
NaHCO3, 15; glucose, 10). The bath solution was bubbled
continuously with a humidified 90% O2/10% CO2 to main-
tain pH at 7.25 to 7.3. Segments were mounted on two
L-shaped stainless-steel wires (70-mm diameter), one of
which was mounted rigidly on the bath and the second was
connected to a force transducer for measuring isometric
force. After a 90-minute equilibration period (warming to
37°C, washing every 20 to 25 minutes, and adjustment of
resting tension to 2.5 to 3 mN), each segment was exposed
to 124 mM K1 Krebs solution to obtain a reference
contraction. The functional integrity of the endothelium
was tested by exposure to acetylcholine (0.01 to 10 mM) in
addition to PC induced by 2 mM 5-hydroxytryptamine or 100
mM UTP. The bath solution was replaced, and the vessels
were rested for 60 minutes. Thereafter, the effects of L-NA,
7-NINA, ICI 192605, or dimethyl sulfoxide (DMSO; vehi-
cle of ICI 192605) on the resting tone of the vessel rings
were tested. The effects of ICI 192605 and of DMSO were
determined also after UTP-PC. In some segments, the
contractile effect of UTP was tested before, during, and
after incubation with ICI 192605. Because ICI 192605
blocks the common receptor for TXA2 and its precursor
prostaglandin H2, these findings do not discriminate be-
tween these two and thus apply to both. All values are
presented as mean 6 SEM (N segments) in percent of the
reference contraction induced by 124 mM K1 Krebs solu-
tion. Results were analyzed using either Student’s t-test or
one-way analysis of variance followed by Fisher’s protected
least-significant difference test. P , 0.05 was considered
significant.
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RESULTS AND DISCUSSION
L-NA (100 mM) induced strong vasoconstriction of the
resting BA, whereas 100 mM 7-NINA had no significant
effect (Fig. 1). ICI 192605 (100 mM) induced weak vasodi-
lation under resting conditions; this effect was significantly
enhanced after PC with 100 mM UTP (Fig. 1). DMSO did
not induce significant changes of vascular tone in resting
(20.9 6 0.5%, N 5 16) or precontracted (0.8 6 0.7%, N 5
6) segments. Incubation of the vessel rings with ICI 192605
significantly reduced the contractile effect of 100 mM UTP
(Fig. 2).
Light and electron microscopic immunohistology indi-
cates that the cerebrovascular endothelial cells contain
both the endothelial isoform of the constitutive NOS and
nNOS [3–5]. nNOS is also present in cerebral perivascular
nerves [3–5]. In vivo inhibition of nNOS with 7-nitro
indazole (7-NI) reduces cerebral blood flow (CBF) signif-
icantly, indicating that nNOS-derived NO is important for
the maintenance of resting CBF [7, 8]. This study indicates
that cerebrovascular nNOS is not involved in NO genera-
tion under resting conditions. It would thus seem that
inhibition of neuronal NO production is responsible for the
CBF reduction with 7-NI in vivo. Our recent studies,
however, indicate that cerebrovascular nNOS may be phys-
iologically important in the mediation of acetylcholine-
induced vasorelaxation [9].
Previous studies have shown constitutive secretion of
TXA2 from the cerebrovascular endothelium [10]. The
basal thromboxane release was some 10-fold higher in
canine cerebral arteries than in coronary, mesenteric, or
saphenous arteries, and indirect evidence indicates its
involvement in the maintenance of the resting cerebrovas-
cular tone [11]. Our present observations demonstrate that
resting TXA2 release induces a weak but significant con-
strictor tone in rat BAs. The TXA2-induced constrictor
tone was significantly enhanced in the presence of UTP,
and the TP receptor antagonist ICI 192605 significantly
attenuated the contractile effect of UTP. Our results
indicate, for the first time, that activation of the P2U
receptors by UTP may stimulate the cerebrovascular re-
lease of TXA2.
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APPENDIX
Abbreviations used in this article are: BA, basilar artery; CBF, cerebral
blood flow; DMSO, dimethyl sulfoxide; L-NA, NG-nitro-L-arginine;
7-NINA, 7-nitro indazole monosodium salt; nNOS, neuronal nitric oxide
synthase; NO, nitric oxide, NOS, nitric oxide synthase; PC, precontraction;
TP, thromboxane receptor; TXA2, thromboxane A2; UTP, uridine-59-
triphosphate.
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Fig. 1. Changes of tension of rat basilar artery (BA) ring segments in
response to NG-nitro-L-arginine (L-NA), 7-nitro indazole monosodium
salt (7-NINA), or ICI 192605 under resting conditions and in response to
ICI 192605 applied after precontraction (PC) with uridine-5*-triphos-
phate (UTP). Values are expressed as a percentage of the reference
contraction (to 124 mM K1). ***P , 0.001 significant change of the
tension, †††P , 0.001 versus ICI 192605 without PC.
Fig. 2. Contractile effect of uridine-5*-triphosphate (UTP) before, dur-
ing, and after incubation of basilar artery (BA) segments with ICI 192605.
Values are expressed as percentage of the reference contraction. ***P ,
0.001 versus “before” and “after.”
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